Modeling and forecasting process using the HBV model in Liao river delta  by Jia, Q.Y. & Sun, F.H.
Procedia Environmental Sciences 13 (2012) 122 – 128
1878-0296 © 2011 Published by Elsevier B.V. Selection and/or peer-review under responsibility of School of Environment, Beijing Normal University.
doi:10.1016/j.proenv.2012.01.012
Available online at www.sciencedirect.com
 
 
Procedia 
Environmental 
Sciences 
Procedia Environmental Sciences  8 (2011) 122–128 
www.elsevier.com/locate/procedia 
 
 
The 18th Biennial Conference of International Society for Ecological Modelling 
Modeling and forecasting process using the HBV model in 
Liao river delta 
Q.Y. Jia, F.H.Sun* 
Institute of Atmospheric Environment, China Meteorological Administration, Shenyang 66 Wenhua Road Shenhe District China 
Shenyang 110016 
Abstract 
Liao river delta within Liao river Plain is an important commodity grain base in China. It is frequently affected by 
meteorological disasters. A large flood occurs on average of 7~8 years. However, the basin has not yet achieved for 
the prediction of flood disaster. In this article, the HBV model-based distributed hydrological model was used to 
model and predict the runoff of Liao river delta. It is used in more than 45 countries all over the world, but the first 
time applied for Liao river  Basin. The input data was obtained from the 5 automatic weather stations (AWS) 
installed at various places and altitudes in Liaoning Province which located in Liao river delta. Model input 
parameters include daily Tmax, Tmin, Tmean for 40 years. The watershed hydrological stations were used to 
calibrate the model parameters.This was the first application of the HBV model to simulate the in Liao rive basin 
runoff, the next step should be the actual runoff data by improving data accuracy and the length of time to adjust the 
model parameters. 
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1. Introduction 
At present, main hydrological forecast models developed by Chinese used in hydrological forecast 
homework in China were: Xin 'an river model, double ChaoChan flow model, Hebei rainfall flood model, 
JiangWan runoff model and double attenuation curve model. Models introduced from abroad include 
Water tank, Sacramento, NAM model and the SMAR model [1] and improved foreign models [2], such as 
continuous API model, SCLS model [3-5]. 
For our country, precision of the hydrological model application is high in the humid regions, which of 
the drought areas is poorer. The accuracy of model mainly depends on rationality of the structure and 
 
* Corresponding author. Tel.: +0-086-024-83893248; fax: +0-086-024-83893258 
E-mail address: sfh3910839@sina.com 
© 2011 Published by Elsevier B.V. Selection and/or peer-review under responsibility of School of Environment,  
Beijing Normal University. Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
123Q.Y. Jia and F.H. Sun / Procedia Environmental Sciences 13 (2012) 122 – 128 Q.Y. Jia, F.H.Sun./ Procedia Environmental Sciences 8 (2011) 122–128 123 
 
reliability of the material. Model structure is not the more complex the better. It is important to well 
generalize runoff process of the basin, and have a good adaptability for the basin. The HBV model in this 
article has simple structure, and is suitable for application in the north cold areas. KangErSi [6], 
JinXiaoLi [7], Zhangjianxin [8], ZhaoYanZeng[9] etc., applied the HBV model in Heihe、Dongjiang 
river basin, and obtained good results. Considering the west Liao He basin data base and its hydrological 
characteristics, as well as the difficulty degree to make a hydrological model, we chose HBV model to 
calculate the hydrology for Liao River finally. 
2. Integration of data and models 
2.1. Characterization of the Liao river delta 
Liao River is the largest river in the south of northeast China, also one of Chinese seven largest rivers. 
Liao river is situated at 40°30′～45°10′ north latitude and 117°00′～125°30′ east longitude. The drainage 
area is 2.29 million square-kilometers. Liao river delta has a temperate monsoon climate. The annual 
precipitation is about 350～1000 mm，and the mean annual runoff is about 8.9 billion m3. Liao river 
delta floods frequently. Every 7-8 years on average, a major flood occurred, and the general flood 
happened once on average of 2 to 3 years.The hydrological response of the Liao River was analyzed 
using the HBV-d model which was improved by Dr.Krysanova.V[10-12]. 
2.2. HBV model  
HBV (Hydrologiska Byråns Vattenbalansavdelning) is a hydrological forecasting model which is 
developed by Swedish Meteorological and Hydrological Institute. HBV hydrological model is half 
distributed concept model for sub-basin dividing based on DEM. Through dividing sub-basin, it shows 
that the differences of underlying surface and rainfall space distribution. According to the elevation, 
vegetation coverage, lake areas etc., the sub-basin were divided again into different bands. The model 
error is less than 20% in most cases, the input data were rainfall observed, temperature and possible 
evaporation estimated. For these reasons, HBV model is very suitable to the large river basin. 
Different versions of HBV model have been applied in more than 40 countries all over the world. It 
has been applied to countries with different climatic conditions such as Sweden, Zimbabwe, India and 
Colombia in floods prediction (Bergström et al., 1992), water resources evaluation (for example Jutman, 
1992, Brandt et al., 1994), nutrient load estimates [10]. 
HBV model was composed of sub-modules, such as climate data interpolate process, snow cover and 
melt, evapotranspiration estimates, soil moisture calculation process, rainfall-runoff process and 
watershed convergence process etc. The main output of the model is the discharge at each catchment 
outlet. Each subcatchment can be parameterized separately. 
The general water balance formula can be described as: 
P-E-Q=d[SP+SM+UZ+LZ+lakes]/dt                                                                                                 (1) 
Where: P = precipitation，E = evapotranspiration，Q = runoff，SP = snow pack，SM = soil 
moisture，UZ = upper groundwater zone，LZ =lower groundwater zone，lakes = lake volume   
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Fig. 1.  Schematic structure of one subbasin in the HBV-96 model (Lindström et al., 1997), with routines for snow (top), soil 
(middle) and response (bottom). 
3. Model simulated data preparation 
In this section, we take Tieling hydrological station located in middle reaches of Liao river delta as 
outlet station. Within the controlling scope of the outlet station, simulation is performed for runoff of Liao 
river delta . Then we divide into sub-basins, according to HBV-D hydrology model, we can calculate the 
studied catchment has an area of approximately 178 917.76 km2 in the model. 
3.1. DEM 
As input of the model, the landform data is DEM downloaded from SRTM website. DEM and other 
geography information data both adopt projection parameters as below: 
Projected Coordinate System: Krasovsky_1940_Albers 
Projection: Albers 
False_Easting: 0.0 
False_Northing: 0.0 
Central_Meridian: 116.0 
Standard_Parallel_1: 25.0 
Standard_Parallel_2: 30.0 
Latitude_Of_Origin: 24.0 
3.2. Sub-basins partition 
Since the horizontal and vertical resolution of DEM, interpolation in DEM generation, also the output 
result integration and the elevation data error, partially sinking and flat units exist in DEM generally. If 
the sinking area in basin has not been handled, water flow will be brought to rest in low-lying land, which 
will results that correct drainage network flowing vectors cannot be got, then the drainage network 
appears to be discontinuous. 
In this paper, we first do the landform depression detention calculation according to the 90m×90m 
DEM data of Liao river. Secondly we calculate the gradients between every grid and its adjacent unit. On 
the basis of the steepest descent method, we deduce the flow vector of every gird, namely the direction 
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when flow leaves the grid. Thirdly, assuming every DEM grid has one unit water volume, we can 
calculate the water volume flowing past every point according to the flow vectors data of basin landform, 
and then we can obtain the flow accumulation value of this point. When the flow accumulation value is 
comparatively large, the point is the root node for catchment line, and the flow accumulation value of this 
point represents the catchment area of this catchment line. After derivation of superior catchment line, we 
ascertain inferior catchment line successively, thereby set up the tree structure chart for the basin 
landform catchment line. In terms of the calculation above, we divide the Liao River into 30 sub-basins. 
(Fig.2)  
 
Fig. 2.  Schematic diagram of the Liao river delta  sub-basin is divided 
3.3. Information acquisition for sub-basins 
During the course of the study, we adopt kriging method (Jinming Feng etc.,2004)，according to the 
basin elevation，we interpolate to 30 sub-basins the climatological data from 1967 to 2010 including 
temperature day by day and rainfall data，which come form five meteorological station including 
Kangping，Faku，Tieling，Xifeng and Xinmin in Liao river delta. 
3.4. Field moisture capacity(FC) 
In the paper, the average maximum soil water holding capacity of Liao river sub-basins refers to the 
FC values figured out by the hydrology team in Potsdam Climate change affects research institute 
according to the FAO soil classification criterion. See table 1. 
Table1 FC of Liao river sub-basins 
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Sub-basins 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Value 168 120 129 151 142 133 131 129 118 88 85 68 134 105 85 
sub-basins 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 
value 109 123 114 153 157 153 125 98 101 103 125 128 130 124 117 
3.5. Land use/cover data 
In this paper, land use/cover data are land resources survey map of 1:10 million from Chinese 
Academy GRID and data format is ESRI. 
In ARC / INFO, the projection is defined as follows: 
Projection    ALBERS 
Units         METERS 
Spheroid      Krasovsky 
Parameters: 
25 00 0.000     /* 1st standard parallel 
47 00 0.000     /* 2nd standard parallel          
105 00 0.000     /* central meridian 
0 0 0.000     /* latitude of projection's origin 
0.00000      /* false easting (meters) 
0.00000         /* false northing (meters) 
The 1:100000 land use / cover classification map 25 different types of classification criteria, the 
corresponding conversion of HBV hydrological model 10 types. 
4. Summary and discussion 
Calibration of the model was done for the period of 2005.This means that we performed model runs 
with different sets of parameters. Fig. 3 shows that there is a strong correlation between observed and 
simulated flow volumes. 
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Fig. 3. Runoff simulation results in 2005 
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Fig. 4. Runoff simulation results of the 1967-2005 
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The figure shows HBV-D model annual runoff simulation results of the 1967-2005. It can significantly 
simulates the typical year’s flood runoff in 1975, 1985,1994,1995,1998 and that of typical arid year 
1972,1982,1988,1989. 
The model is first used for Liao river delta in precipitation runoff forecasting by adjusting model 
parameters. Although the model can better fit the 2005 monthly runoff, of the model is shorter. The next 
step should be to increase the data of the measured runoff accessed. Several major reservoirs and dams of 
Liao river delta play a role in adjusting flow of river runoff, which will have a greater impact on runoff in 
drought years and flood water storage and flood flow adjustment. Therefore, in special years, peak of 
runoff simulation of the model may be low, especially in flood season. 
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